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(54) Transparent and spread illuminating apparatus 

(57) In a transparent and spread illuminating;, appa- 
ratus closely disposed to cover a surface of a reflection 
type liquid-crystal display device, a transparent stib- 
strale 2 which covers an observation face F of a reflec- 
tion type liquid crystal display element L is disposed, a 
light reflection pattern 1 1 is formed on a top surface 6 of 
the transparent substrate 2, the light reflection pattern 
11 is formed of a plurality of recesses 12 formed at , 
given intervals PI in parallel with the axial direction of 
the light source lamp 4 disposed along one s\d§ end 
surface 3. in which assuming that intervals between 
stripes which are in parallel with the recesses 12 in the 
arrangement of liquid cells of the reflection typ^ liquid- 
crystal display device L are P2, the intervals PI are s^t 
to satisfy a relation between P1 and P2: 

P.1 :P2 = 1 :(N +1 .3) to 1 :(N + 1 .6) 



or 



P1:P2 = 1:1/(N+1.6)to1:1/(N+1.3). 

where N is an integer: 0, 1 , 2, 3, ... As a result, it is pos- 
sible to suppress an interference caused by stripes with 
the interval P1 due to the light reflection pattern 1 1 and 
the stripes with intervals P2 due to the reflection type 
liquid crystal display element L to suppress the occur- 
rence of the moire pattern. , _ 
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Description 

BACKGROUND OF THE INVENTION 
1, Field of Invention 



[0001] The present invention relates to a transparent 
and spread illuminating apparatus which is formed in a 
unit with a display unit used in a front-surface illuminat- 
ing means for a variety of reflection type display units 10 
and so on, and more particularly to a transparent and 
spread illuminating apparatus used as a front-surface 
illuminating means in a reflection type liquid-crystal dis- 
play unit. 

2. Background of Related Art 

[0002] A liquid-crystal display unit operable with a low 
electric power consumption has been increasingly in 
demand for display units mainly applied to computers 20 
because it is thin in configuration, light in weight and so 
on. Since liquid crystal which is a structural element of 
the liquid-crystal display unit emits no light by itselfcan 
illuminating means for illuminating an image is required, 
which is different from a light emission type device such 25 
as a CRT. In particular, in the circumstances where a 
demand of fine and colored image in high level is 
increased recently, a structure in which a liquid-crystal 
display unit is backed with a high luminance spread light 
source is usually used. However, since, in order to illu- 30 
minate the spread light source, an excessive electric 
power is required, there occurs such a problem that the 
feature of liquid crystal having a low electric power con- 
sumption is lessened. 

[0003] In particular, a portable liquid-crystal device 35 
frequently used with.the advantages of the liquid-crystal 
display unit thin irf;configurati6n and light in weight has 
a drawback that the consumption of an internal electric 
power becomes increased due to the illumination of the 
spread light source which is provided in the liqukJ-crys- 40 
tal display unit to remarkably Shorten al^pdnod of illumi- 
nating time during for using it as the portable device. 
[0004] In order to solve the above problem, there has 
been developed a reflection type liquid-crystal device 
that may operate by employing, ah ambient light as an 45 
illuminating means even if no spread lijght source is pro- 
vided. 

[0005] The most basic structure of the reflection type 
liquid-crystal device is designed in such a manner that 
two flat glass substrates, on each of one surfaces of so 
which a transparent electrode is disposed and on each 
of the other surfaces of which a polarization plate is dis- 
posed, are formed so as to oppose their transparent 
electrodes to each other at a given interval, and liquid 
crystal material is filled between the respective glass 55 
substrates. Furthermore, a color filter is disposed on the 
glass substrate which is on an observation face side, 
and a high-efficient reflector is disposed on the glass 



substrate which is on a back surface side; . 
[0006] In this example, the transparent electrode plate 
of the glass substrate which is oh the back surface side 
is patterned, and in order to display a desired image, 
switching devices are connected to the transparent 
electrode plate, respectively. 

[0007] in the reflection type liquid-crystal device thus 
structured, since an ambient light incident to the reflec- 
tor disposed on the back surface is reflected so as to 
illuminate a screen, an image on the screen can be 
observed. 

[0008] However, since the reflection type liquid-crystal 
device has a structure such that, as mentioned above, 
an ambient light incident to the reflector illuminates the 
screen, its display quality depends on the ambient 
brightness. In particular, in demand for high quality con- 
cerning image on display, since a constitution of the 
color display reflection type liquid crystal, the demand of 
which is expected to be increased, has to become such 
! that the color filter and the like are added thereto, its 
reflectivity becomes lower than that of monochrome liq- 
uid crystal. Accordingly, in a state where the amount of 
light to be irradiated on the screen is a little (that is, the 
surrounding is relatively dark), because the luminance 
of the screen is not sufficient, an auxiliary illumination is 
required for observing an image. 
[0009] As an appropriate auxiliary illuminating means 
for the above reflection type liquid-crystal device, there 
has been disclosed a transparent and spread illuminat- 
ing apparatus in Japanese Patent Application No; Hei 9- 
347648; • - : ~ : 

[0010] A transparent and spread ill uminating appara- 
tus V shown in Fig. 1 i is disposed so as to tdver the 
observation face F of the above-strubtured reflection 
type liquid-Crystal device L for use, and its structure is 
such that a linear lijght source lamp 4 is disposed so as 
to be close to one side end surface 3 of the flat transpar- 
ent substrate 2 which is made of a material high in 
transmittance anti shaped in a rectangle in section as 
shown in Rgs 1 1 ahd 12: As the light source Iamp 4, a ; 
cold cathode fluorescent tube (CCFL); a heat rathode 
fluorescent tube (HCFL) or the like is used. " 
[0011] In this example, it is assumed that, in Rg. 12, 
one surface (a lower side in Fig. 12) of the transparent 
substrate 2 which abuts on the reflection type liquid- 
crystal device L is a lower surface 5, and its opposite 
surface (an upper side in Fig. 12) which is on an obser- 
vation face (screen) side is a top surface 6. 
[0012] On the top surface 6 of the transparent sub- 
strate 2 is formed a light reflection pattern 7. The light 
reflection pattern 7 is made up of a large number of 
grooves 8 which are substantially triangular in section 
and a large number of flat portions 9 adjacent to the 
grooves 8i • .* o.- 

[0013] The light reflection pattern 7 is designedln . 
such a manner that intervals between which the 
grooves 8 are defined are different depending upon the 
position of the groove so that the brightness becomes 
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nearly uniform at any positions in the transparent sub- 
strate 2 without being influenced by the distances from 
the light source lamp 4 as shown in Fig. 12. In other 
words, the ratio of the width (occupied area) of the 
grooves 8 to the width (occupied area) of the flat por- 5 
tions 9 is set so as to gradually increase as the grooves 
or the flat portions become farther from the one side 
end surface 3 of the transparent substrate 2. 
[001 4] With the addition of the transparent and spread 
illuminating apparatus T thus structured as an auxiliary 10 
illumination, a light emitted from the light source lamp 4 
is made incident to the interior of the transparent sub- 
strate^ from the one side end surface 3 of the transpar- 
ent substrate 2, and progresses toward the opposite 
surface 10 while the light repeats reflection and refrac- is 
tion in the interior of the transparent substrate 2. During 
this. action, the light is emitted from the lower surface 5 / 
of the transparent substrate 2 little by little with the result 
that the light is irradiated on the reflection type liquid- 
crystal device L which is disposed in close contact with 20 
the transparent substrate 2: Moreover, since the light 
reflection pattern 7 is formed on the transparent sub- . 
strate 2, the distribution of the light emitted from the 
lower surface 5 can become substantially uniform 
entirely, thereon. : 25 
[0015] : Although being omitted from showing in Figs: 
1 1 and 12, since an outer surface of the light source 
lamp 4 which is not faced on the one side end surface 3 
is covered with a film-shaped reflection member, the 
coupling efficiency of a light can be enhanced. Further- 30 
more, when the side surfaces of the transparent sub- 
strate^ except for the one.side end surface 3 are also 
covered with a reflection member, since the light is pre- 
vented from being emitted from the side^end surfaces, 
the amount of light emitted from the lower surface 5 of 35 
the transparent substrate 2 can be increased. In partic- 
ular, on the opposite surface 10 of the one side end sur- 
face 3, since the amount of emitted light is larger than 
those of two other side surfaces, it is desirable that the 
opposite surface 10 is covered with a reflection mem- 40 
ber. •-, \* ■ ; .■ - x . * 

[001 6] Also, since a direction of the light emitted from 
the lower surface 5 of the transparent. substrate 2 varies 
by changing an angle of reflection of the light in accord- 
ance with the configuration of the grooves 8 of the light 45 
reflection pattern ,7, the configuration of the groove 8. 
can be appropriately set so that a large amount of light 
is emitted in a direction perpendicular to the lower sur- . 
face 5 (that is, a front-surface direction). . 
[0017] As described above, in order to ensure the \so 
luminance of the -screen* of ; the reflection type liquid- 
crystal device L, the transparent and spread illuminating 
apparatus V serving as the auxiliary illumination is 
added to the observation face F side so that the screen ..< 
can be observed without being influenced by the ambi- 55 
ent brightness. ... ....... : _ = r— . .. 

[0018] However, it has been found that the addition of 
the transparent and spread illuminating apparatus V 



may lead to a case where a moire pattern occurs on the 
observation face F of the reflection type liquid-crystal 
device L 

[0019] The moire pattern is an interference stripe 
which is caused, when a light is reflected on the light 
reflection pattern 7 of the transparent substrate 2, by 
occulting stripes caused by different transmission rate 
between the grooves 8 and the flat portions 9, and a 
mosaic-pattern arrangement (a dotted line indicated in 
the reflection type liquid-crystal device LJn Fig. 11) of 
liquid-crystal cells which form pixels of the reflection 
type liquid^crystal device L This moire pattern causes 
such a problem that an image on screen is difficult to be 
observed. 

[0020] As described above, it has been 1 proved that 
the occurrence of the moire pattern is closely related-to 
the pattern configuration of the light reflection pattern 7, 
that is, the depth, size and pitch P (a distance from one 
of the grooves 8 to another groove 8 adjacent; thereto), 
etc., of the grooves 8. Accordingly, as a result of study- 
ing the pattern configuration of the light reflection pat- 
tern 7 by being variously changed, there has been 
proved that in the case where the pitches P of the 
grooves 8 (that is, the widths of the flat portions 9) are 
not constant as shown in the light reflection pattern 7 in 
Fig. 12. the large moire pattern occurs locally, thereby to 
make it difficult to observe the image on screen. 

SUMMARY OF THE INVENTION . 

[0021 ] Therefore, an object of the present invention is 
to provide a transparent and spread illuminating appa- 
ratus in which an auxiliary illuminating device is formed 
in a unit with a reflection type liquid-crystal display 
device, thereby to make it possible that the apparatus is 
used without being influenced by the brightness of sur- 
roundings and suppresses the occurrence of the moire 
pattern that makes it difficult to obverse the image^on 
screen. .. . 

[0022] In order to achieve the above object according 
to a first aspect of the present inventioa there is pro- 
vided a transparent and spread illuminating apparatus 
closely disposed to cover a front: surface of a reflection 
type liquid-crystal display device, in which a light source 
tamp is closely disposed along at least one side end 
surface ofa transparent substrate made of a translucent 
material, a light reflection pattern is formed on a top sur- 
face of the transparent substrate, the light reflection pat- 
tern is formed of a plurality, of recesses formed at given 
intervals P1 in parallel with the axial direction of the light 
source lamp, wherein assuming that intervals between 
stripes which are in parallel with the recesses; in .the 
arrangement of liquid cells of the reflection type liquid- 
crystal display device are P2, the intervals P1 are set to 
. satisfy a relation between P1 and P2: - 

P 1 P2 = 1 :(N + 1 .3) to 1 :(N + 1 .6) 
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or 

P1:P2=1:1/(N+1.6)to1:1/(N+1.3) 

where N is an integer: 0, 1, 2, 3, ... 5 
[0023] According to a second aspect of the present 
invention, the recesses comprise grooves substantially 
triangular in section, and flat portions are formed 
between the respective adjacent grooves to form the 
light reflection pattern consisting of the grooves and the 10 
flat portions, and an inclination angle of the groove is set 
so as to ensure the amount of emitted light which is sub- 
stantially uniform over the entire lower surface of the : 
transparent substrate. 

[0024] Further, according to a third aspect of the is 
present invention, the recesses comprise grooves 
which are substantially triangular in section, the light 
reflection pattern is structured such that the grooves are 
continuously formed, and the inclination angle of the 
groove is set so as to ensure the amount of emitted light 20 
which is substantially uniform over the entire lower sur- 
face of the transparent substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS : 

■ • 25 

[0025] In accompanying drawings: 

Fig. 1 is a perspective view showing a structure of a 
transparent and spread illuminating apparatus in 
accordance with the present invention; 30 
Fig. 2 is a cross-sectional view showing the struc- 
ture of the transparent and: spread illuminating 
apparatus shown in Fig. 1; 
Fig. 3 is a crossrsectional view explaining a config- 
uration of a light reflection pattern in Fig. 1; 35 
Fig. 4 is a table for explanation of a set value of the 
light reflection pattern configuration in the transpar- 
ent and spread illuminating apparatus in accord- 
ance with an embodiment of the present invention. 
Fig. 5 is a perspective view showing a structure of a 40 
transparent and spread illuminating apparatus dif- 
ferent from that of Fig. 1 ; 

Fig. 6 is a cross-sectional view showing the trans- 
parent and spread illuminating apparatus of Fig. 5; 
Fig. 7 is a perspective view showing a structure of a 45 
transparent and spread illuminating apparatus dif- 
ferent from that of Rg. 5; 

Fig. 8 is a cross-sectional view showing the struc- 
ture of the transparent and spread illuminating 
apparatus of Fig. 7; ;m , 50 

Rg. 9 is a cross-sectional view explaining a config- 
uration of a light reflection pattern different from that 
of Fig. 1; ■ . ■>::;- 

Fig. 1 0 is a cross-sectional view explaining a config- 
uration of a light reflection pattern different from that 55 
of Fig. 9; 

Rg. 1 1 is a perspective view showing the structure 
of a conventional transparent and spread illuminat- 



ing apparatus; and 

Rg. 12 is a cross-sectional view showing the struc- 
ture of the transparent and spread illuminating 
apparatus of Fig. 11. 

DETAILED DESCRIPTION OF PREFERRED EMBOD- 
IMENTS 

[0026]; Now, a description will be given in more detail ' 
of the structure of a transparent and spread illuminating 
apparatus 1 of the present invention with reference 1 to 
the accompanying drawings. The same parts as those 
of a transparent and spread illuminating apparatus r 
described in the above-described related art on the 
basis of Rgs. 1 1 and 12 are indicated by like references, 
and their detailed description will be omitted, 
[0027] As shown in Fig. 1, the structure of the trans- 
parent and spread illuminating apparatus 1 is substan- 
tially identical with the conventional illuminating 
apparatus. The transparent and spread illuminating 
apparatus 1 is mainly structured by a transparent sub- 
strate 2 and a light source lamp 4 and different from the 
conventional illuminating apparatus 1- in providing a 
light reflection pattern 11. 

[0028] As shown in Figs. 1 and 2, the light reflection 
pattern 1 1 is made up of grooves 12 which are substan- 
tially triangular in section and flat portions 13, and inter- 
vals P1 of valleys of the respective grooves 12 are 
constant. Also, the cut width and depth of the grooves 
12 are made larger as the grooves are far from the light 
source lamp 4. . 
[0029] In this example, an- angle of the inclination sur- 
face; of the groove 12 (that is, a substantially triangular 
shape in section) is set in such a manner that of the 
light that progresses in the transparent substrate 2, the 
amount of light emitted from the lower surface 5 of the 
transparent substrate 2 by reflection at the groove 12 is 
balanced with the amount of tight emitted from the lower 
surface 5 depending on a distance from the light source 
lamp 4 so that the emitted light becomes nearly equal 
over the entire lower surface 5 of the transparent sub- 
strate 2. 

[0030] In this situation, when the transparent and 
spread illuminating apparatus 1 of the present invention 
is observed in detail, it can be recognized that the 
occulting stripes are generated according to the inter- 
vals of the light reflection pattern 1 1. Since those stripes 
correspond to the intervals between the grooves 1 2, the 
intervals thereof are P1 . 

[0031] Also, the reflection type liquid-crystal display 
device L for actually showing the image is disposed in 
close contact so that its observation face F is; in contact 
with the lower surface 5 of the transparent and spread 
illuminating apparatus 1 of the present invention, and 
the liquid-crystal display device L is an assembly of a 
fine mosaic pattern in which pixels (cells) are regularly 
disposed. For that reason, as schematically shown in 
Fig. 1, the lengthwise and crosswise bccuftihg; stripe " 
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pattern (indicated by a dotted line) is observed on the . 
observation face F. In the occulting stripe pattern, it is 
assumed that the intervals of the stripes (pixels) which 
are substantially in parallel with the groove 12 of the 
transparent and spread illuminating apparatus 1 are P2. 5 
[0032] In this example, the present inventors con- 
ducted an experiment in which the intervals P1 of the 
grooves 12 of the light reflection pattern 11 are appro- 
priately changed, and proved that the occurrence ol the 
moire pattern can be suppressed if the relation between io 
P1 and P2 is defined as follows. 
[0033] That is, the relation between. PI and P2 is a 
range of from P1:P2 = 1:(N+1.3)to 1:(N+1.6) or a 
range of from PV.P2 = 1:1/(N+1.6) to 1:1/(N+1.3) , 
where N is an integer (0, 1 , 2, 3...)- ^ 15 

[0034] When PI and P2 being set in the above 
ranges, the interference caused by the occulting stripes 
with the intervals P1 of the light reflection pattern 1 1 and 
the stripes with the intervals P2 of the pixels of the 
reflection type liquid-crystal device L is suppressed, 20 
therefore, a large moire pattern is not generated. 
[0035] Accordingly, the intervals P1 of the light reflec- 
tion pattern 11 including the grooves 12 have to be set 
in the above range in accordance with the pixel size 
(intervals) of the reflection type liquid-crystal device L 2s 

(Embodiment) 

[0036] It is observed whether a moire pattern is gen- 
erated or not on the observation face of the reflection 30 
type liquid-crystal device L having the transparent and 
spreld illuminating apparatus 1 of the present invention. 
[0037] The structure of the transparent and spread 
illuminating apparatus 1 is identical with that described 
with reference to Figs. 1 and 2, in which a transparent 3s 
substrate 2 is formed of a transparent acrylic resin flat 
plate (sizes: 240 mm x 160 mm, thickness 3 mm), and 
on an upper surface 6 of the transparent substrate 2 is 
formed a light reflection pattern-. 1 1 consisting of. the 
grooves 1 2 which are in parallel with its longitudinal side 40 
and triangular in section. 

[0038] The grooves 12 of the light reflection pattern 11 
are triangular in section, and in order to set an angle of 
inclination of the triangular grooves 12, an angle a . an 
angle p and an angle y are decided as shown in Fig. 3: as 
The angle a is a base angle at a side closer to the light 
source lamp 4, among base angles of a triangle which 
is formed with the assumption of a virtual base S. Also, 
the angle p is a base angle different from the above 
angle, and the angle y is an angle of the apex of the vir- so 
tual triangle (that is, a valley portion of the grooves 12): 
[0039] ;■' The grooves 12 are formed in such a manner 
that the angle y is constantly kept at 60 0 . and the angle 
a is continuously varied so as to be set at 48 0 to 58° 
and to 46 0 , from the one side end surface 3 toward the 55 
opposite surface 10, in accordance with which the angle 
p is also varied. In this situation, the intervals P1 of the 
grooves 12 are made constant 



[0040] Further, in order to change the relative ratio of 
the grooves 12 to the flat portions 13, the ratio of the 
width of the grooves 12 to the width of the flat portions 
1 3 is constantly set at 0. 1 at a portion from one side end 
surface 3 to 1/3 of the length between the one side end 
surface 3 and the opposite surface 10, and toward an 
opposite surface 10 from the point of the 173 of the 
length between the, one side end surface 3 and the 
opposite surface 10 toward the opposite surface 10 the 
cut width of the grooves 12 is gradually increased so 
that the ratio is set at 1.2 in the vicinity of the opposite 
surface 10. 

[0041 ] Then, a cold cathode fluorescent tube 2.3 mm 
in outer diameter 0 is used as the light source lamp 4 
and abuts on the one side end surface 3. TTien, the light 
source lamp 4 is turned on by an invertpr with a tube 
current 3.5mA and sine waves of a lightening frequency 
60 KHz. 

[0042] In addition, although not shown in Figs. 1 and 
2, there is provided a lamp reflector formed of any one 
of a reflection film in which metal of white, silver or the 
like is evaporated, and a reflection plate resulting from 
bending a metal plate such as an aluminum plate 
applied to a mirror finishing process so that an outer 
surface of the light source lamp 4 which is not faced on 
the one side end surface 3 is covered therewith, 
thereby, a light emitted from the light source lamp 4 is 
allowed to progress in the transparent substrate 2 with a 
high efficiency. 

[0043] Also, the side end surfaces of the transparent 
substrate ?~except for the one side end surface 3 where 
the light source lamp 4 are disposed is covered with a 
reflection member in order to increase the amount of 
light for illumination. 

[0044] The ref lection type liquid-crystal device L which 
is substantially identical in size with the transparent sub- 
strate 2 is disposed on the back surface of the transpar- 
ent and spread illuminating apparatus 1 thus structured, 
and an image is observed. When the occulting stripes - 
generated on the observation face of the ref lection type 
liquid-crystal device L are measured in advance in order 
to determine the intervals P1 of the grooves 12, the 
intervals P2 of occulting stripes which are in parallel, 
with the grooves 8 are 0.33 mm as a result of measure- 
ment ■ 
[0045] The intervals P1 of the grooves 12 are set on 
the basis of the intervals P2 (0.33 mm), fourteen-sam- 
ples are prepared as shown in the table of Fig. 4, and an 
image is observed, respectively. 
[0046] As a result of observing the image, as shown 
in Fig. 4, a, sample where the rnpire pattern is strongly 
generated is indicated by X (more stronger moire pat- 
tern is indicated by XX), a sample where the moire pat- 
tern is weakly generated is indicated by, Q and a 
sample where the degree of the moire pattern is inter- 
mediate is indicated by a ... _ . ^ . _ „ 
[0047] As is apparent from Fig. 4, the occurrence of a 
large moire pattern can be suppressed in a range of 
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from P1 :P2 = 1 :1.3 to 1:1.6 or a range of from [0052] A machining process for forming the grooves 
P1 :P2 = 1:1/1 .6 to 1 :1/1.3 . Accordingly, the transpar- 12 of the light reflection pattern 11 can be implemented 
ent and spread illuminating apparatus 1 according to by cutting due to a diamond turning tool. In this casej 
the present invention is added to the reflection type liq- since the turning tool for machining is employed while 

uid-crystal device L, thereby to make it possible that the 5 being fixed, an angle y of a valley portion corresponding 
apparatus is used without being influenced by the to the apex of the grooves 12 which are nearly triangular 
brightness of surroundings and suppresses the occur- in section becomes constant. As a result,. a sum.of the 
rence of the moire pattern, as a result of which the inclined angle a and the inclined angle p is always kept 
screen is more easily observed. constant, but as described above in the actual produc- 

[0048] In addition, as described above, since the 10 ing of the light reflection pattern 11 in the embodiment, 
moire pattern is generated by an interference caused by tn © inclined angle a and the.inclined angle p are defined 
the occulting stripes with the interval PI of the light so as to be appropriately changed within a variable; 
reflection pattern 11 and the stripes with the interval P2 range, to thereby realize spread illumination more effK 
which are made by the pixels of the reflection type liq- ciently. 

uid-crystal device L, this can be generalized as fol- is [0053] In manufacturing the transparent and spread 
lows, that is, the occurrence of the moire pattern illuminating apparatus t of the present invention, the 
can be suppressed in a range of from transparent substrates 2 and 2- may be made of a mate- 
Pi :P2 - 1:(N+1. 3) to 1:(N+1. 6) or a range of from rial that allows the light to pass therethrough with a high 
P1 :P2 m 1 :1/(N+1 .6) to 1 :1/(N+1 .3) , where N is an irite- efficiency, and is most preferably made of acrylic resin 

ger (0,1;2,3...). Although N can become logically 20 from the viewpoint of its transparency and workability in 
increased with no limit as long as N is an integer; it is processing. However, in the implementation of the 
desirable that an range of from 0 to 3 is taken in a prac- present invention, the materia! of the transparent sub- 
tical use in order to actually form the grooves 12. strates 2 and 2' is not limited to acrylic resin, and may 

[0049] In the transparent and spread illuminating be made of various thermoplastic transparent resin 

apparatus 1 of the present invention as described 25 such as vinyl chloride resiin. polycarbonate resin, olefin 
above, in order to more lighten a weight of the appara- resin or styrene resin, etc. Also, thermosetting transpar- 
tus; the transparent substrate 2' may be shaped sub- ent resin such as epoxy resin, allyldiglycol carbonate 
stantially in a wedge as in the transparent and spread resin or the like, or inorganic transparent material such 
illuminating apparatus 1 as shown in Figs.5 and 6. In as various glass material or the like may be applicable if 

this situation, the.transparent substrate 2 is designed in 30 occasions demand. ^ • > 

such a manner that the thicker side surface in parallel [0054] In addition, a method of producing the trans- 
with the grove 12 is set as one side end surface 3, and parent substrates 2 and 2' can be made by directly 
its thickness is reduced toward the opposite surface 10. machining such as cutting or grinding, and in case of 
[0050] In this case, the light reflection pattern 11 resin material, various molding methods such as cast 

formed on the upper surface 6 of the transparent sub- 35 molding^ extrusion molding, thermosetting molding or 
strate 2 is structured by the grooves 12 and the flat por- injection molding are applicable. The injection molding 
tions 13, however, in the present invention, since it is method using resin material is most preferable in view of 
sufficient that the light reflection pattern 1 1 is formed so productivity; 

that it does not interfere with the occulting stripes [0055] As is described above, acrording to the 

caused by the pixels of the reflection type liquid-crystal 40 present invention; there is provided a transparent and 
device L in order to suppress the generation of the spread illuminating apparatus closely disposed to cover 
moire pattern, the present invention is riot limited to only a surface of a reflection type liquid-crystal ; display 
the above structure. As showhln Figs. 7 and 8, the light device, iri which a light source lamp is closely disposed 
reflection pattern may be formed by continuously form- along et least one &ide end surface of a transparent 

ing the grooves 1 2* in parallel with the light source lamp 4s substrate made of a translucent material, ai light reflec- 
4 (that is, there is no provision of the flat portions 1 3). ' : ' tion pattern is formed oh a top surface of the transparent 
[0051] Further, the sectional configuration of the substrate, the light reflection pattern is formed of a pi u- 
groov^s 12 is not limited to a triangle as in this embodi- ralrty of recesses formed at given intervals P1 in parallel 
ment, but can appropriately be formed so that the with the axial direction of the light source lamp, wherein ■ 

amount of emitted light becomes nearly uniform every- so assuming that intervals between stripes which are in 
where on the lower surface 5 side of the transparent parallel with the recess portions in the arrangement of 
substrate 2. For example, ft may be a four-sided figure liquid cells of the reflection type ; liquid-Karystal display 
as shown in Fig. 9 or a polygon having angles more device are P2, the intervals P1 are set to satisfy a rela- 
than those of the four-sided figure. In addrtioh,it maybe tiori between P1 and P2: 

structured by a curved surface as shown in Fig. 10 55 

which is made in such a manner as each inclined sur- P1 :P2 = i :(N + 1 :3) to 1 :(N + 1.6) 

face of the polygon as shown in Fig. 9 is smoothly con- 
nected with each other, or 
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P1 :P2 = 1 :1/(N + 1 .6) to 1 :1/(N + 1 .3) 

where N is an integer: 0, 1, 2, 3 Therefore, the inter- 
ference caused by the occulting stripes with the interval 
P1 of the light reflection pattern and the stripes with the 
interval P2 due to the pixels of the reflection type liquid- 
crystal device L is suppressed, to thereby suppress the 
occurrence of a large moire pattern. 
[0056] Accordingly, since the emission light from the 
light.source lamp progresses in the interior of the trans- 
parent substrate and is emitted from the back surface, 
and then enters the reflection type liquid-crystal device, 
the observation face of the reflection type liquid-crystal 
device is irradiated by said light thereby to enable to 
ensure the luminance, and also since the occurrence of 
the moire pattern is suppressed so that the image is 
readily observed. 

[0057] Further, since the transparent substrate is 
made of a translucent material, even if it is structured to 
cover the surface of the member to be illuminated, the 
image can be observed, and also they are formed in a 
unit with each other, it is suitable for a portable use. 
[0058] The foregoing description of the preferred 
embodiments of the invention has been presented for. 
purposes of illustration and description. It is not 
intended to be exhaustive or.to limit the invention to the 
precise form disclosed, and modifications and varia- 
tions are possible in light of the above teachings or may 
be acquired from practice of the invention. The embodi- 
ments were chosen and described in order to explain 
the principles of the invention and its practical applica- 
tion^) enable one skilled in the art to utilize the inven- 
tion v in various embodiments and with various 
modifications as are suited to the particular use contem- 
plated. It is intended that the scope of the invention be 
defined by the claims appended hereto, and their equiv- 
alents. 

Claims 

1. A transparent and spread illuminating apparatus 
closely disposed to cover a front surface of a reflec- 
tion type liquid-crystal display device, in which a 
light source lamp is closely disposed along at least 
one side end surface of a transparent substrate 
made of a translucent material, a light reflection 
pattern is formed on a top surface of said transpar- 
ent substrate, said light reflection pattern is formed 
of a plurality of recesses formed at given intervals 
P1 in parallel with the axial direction of said light 
source lamp, wherein assuming that intervals 
between stripes which are in parallel with said 
recesses in the arrangement of liquid cells of said 
reflection type liquid-crystal display device are P2, 
the intervals P1 are set to satisfy a relation between 
P1 and P2: 



P1:P2 = 1:1/(N + 1.6) to 1:1/(N + 1.3) 



2. A transparent and spread illuminating apparatus as 
claimed in claim 1, wherein said recesses are 
formed as grooves substantially triangular in sec- 

io tion, flat portions are formed between the respec- 
tive adjacent grooves to form said light reflection 
pattern consisting of said grooves and said flat por- 
tions, and an inclination angle of said groove is set 
so as to ensure the amount of emitted light which is 

75 substantially uniform over the entire lower surface 
of said transparent substrate. 

3. A transparent and spread illuminating apparatus as 
claimed in claim 1, wherein said recesses are 

20 formed as grooves which are substantially triangu- 
lar in section, said light reflection pattern is struc- 
tured such that said grooves are continuously 
formed, arid the inclination angle of said groove is 
set so as to ensure the amount of emitted light 

25 which is substantially uniform over the entire lower 
surface of said transparent substrate. 
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5 where N is an integer: 0, 1, 2, 3, ... 



P1:P2 = 1:(N+ 1.3) to 1:(N + 1.6) 
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